Chromium oxide nanoparticles (NPs) have been rapidly synthesized by precipitation method using ammomia as precipitating agent and are characterized by using X-ray Diffraction (XRD), Thermo Gravimetric Analysis (TGA), UV-Visible absorption (UV), Infrared Spectoscopy (IR), Scanning Electron Microscopy (SEM) and Transmission Electron Microscopy (TEM). XRD studies show that chromium oxide NP is formed as Cr 2 O 3 and it has hexagonal structure. The shape and particle size of the synthesized Cr 2 O 3 NPs is determined by SEM and TEM. The images showed that the size of NPs of Cr 2 O 3 varied from 20 nm to 70 nm with average crystalline size 45 nm. UVVisible absorption and IR spectoscopy confirm the formation of nanosized Cr 2 O 3 . TGA verifies that the Cr 2 O 3 NPs are thermally stable upto 1000 °C.
INTRODUCTION
Transition metal oxide NPs have many applications as catalyst [1] [2] [3] [4] [5] , sensors [6] [7] [8] [9] , superconductors [10] [11] and adsorbents [12] [13] . Metaloxides constitute an important class of materials that are involved in environmental science, electrochemistry, biology, chemical sensors, magnetism and other fields. Chromium oxides have attracted much attention recently because of their importance both in science and technology. As the chromium have different stable oxidation states, it ORIENTAL JOURNAL OF CHEMISTRY www.orientjchem.org can form the different types of oxides. Special attention has been focused on the formation and properties of chromium oxide (Cr 2 O 3 ), which is important in specific applied applications such as in high temperature resistant materials [14] , corrosive resistant materials 15 , liquid crystal displays 16, 17 , green pigment 18 , catalysts 19, 20 and so on. It is well known that intrinsic properties of inorganic materials are mainly determined by their composition, structure, crystallinity, size and morphology; great efforts have been devoted to the investigation of different Cr 2 O 3 materials synthesis [21] [22] [23] Ming Hua and co-workers 35 have studied the nano-sized metal oxides, including ferric oxides, manganese oxides, aluminum oxides, titanium oxides, magnesium oxides and cerium oxides, which provide high surface area and specific affinity for heavy metal adsorption from aqueous systems. Tanya Tsoncheva et al., 36 prepared mesoporous ceria and SBA-15 silica with iron and Cr 2 O 3 NPs. The simultaneous presence of iron and chromium oxides lead to change in their dispersion, providing easier reducibility, higher catalytic activity and stability of the obtained materials in comparison with the corresponding mono-component ones. P. Gibot and L. Vidal., 37 
METHODS AND MATERIALS

Chemicals
All chemicals used in the experiment are analytic reagent grade. Chromium sulphate, Cr 2 (SO 4 ) 3 .12H 2 O was purchased from Merck, India. Ammonium hydroxide (liquor ammonia) was purchased from SRL. Deionized water was used throughout the experiment. Synthesis of Chromium oxide 500 ml of 0.1M solution of Cr 2 (SO 4 ) 3 was taken and aqueous ammonia was added drop wise with constant stirring until the pH of the solution reached to 10. The precipitates thus obtained were filtered by Buckner funnel and was washed several times with distilled water. The precipitates were dried in oven at 70°C for 24 hrs and were calcined at 600°C in a muffle furnace for 5 hrs. Obtained material was ground and sieved through 100 mesh size sieve.
Characterization techniques
The microstructure of the particles was characterized by X-ray diffraction, Philips PW 11/ 90 diffractometer using nickel filtered CuK (l = 1.5405 Å) radiations. The average diameter (D) of the Cr 2 O 3 NPs has been calculated from the broadening of the XRD peak intensity after K 2 corrections using the Debye-scherrer equation. Transmission electron microscopy measurements of the sample were taken on Hitachi H7500 with a 70 kV accelerating voltage. The dispersions of NPs in water were placed on carbon-coated 400 mesh copper grids, allowed to dry at room temperature before taking measurement. The obtained micrographs were then examined for particle size and shape. TGA study was carried out using Perkin Elmer Pyris Diamond. The UV-visible spectra of asprepared aqueous solutions were taken by UV spectrophotometer (Perkin Elmer Lambda 25) in the wavelength range of 200-900 nm to determine the absorbance due to surface plasmon resonance (SPR) in the case of Cr 2 O 3 NPs. The infrared spectra of adsorbents, adsorbates and adsorption adducts were recorded in KBr discs on a Perkin Elmer FTIR spectrophotometer (Model Perkin Elmer-1600 Series).
RESULTS AND DISCUSSION
X-ray and IR studies
X-ray diffraction of synthesized oxide is shown in Fig.1 . The X-ray diffraction plot, shows peaks only due to Cr 2 O 3 and no peak is detected due to any other material or phase indicating a high degree of purity of the as-synthesized sample. The broadening of the X-ray diffraction lines, as seen in the Fig. 1 reflects the nano-particle nature of the sample. In X-ray diffraction, some prominent peaks were considered and corresponding d-values were compared with the standard. X-ray diffraction shows that the formed nano metal oxide is pure Cr 2 O 3 and having hexagonal structure.
Sharpness of the peaks shows good crystal growth of the oxide nanoparticles. Average particle size (t) of the particles have been calculated using from high intensity peak using the DebyeScherrer equation 
TGA and Surface Plasmon Resonance (SPR)
TGA transition shows no considerable weight loss upto 1000 0 C [ Fig. 3 ]. It simply indicates that when Cr 2 (OH) 3 is heated, it converts into Cr 2 O 3 and it is thermally stable in nature and we can use these synthesized NPs upto 1000 0 C. Nanosized Cr 2 O 3 particles show absorbance in the UV-visible region due to SPR, which originates due to the resonance of collective conduction electrons with incident electromagnetic radiations. It provides a sharp absorbance in the visible region around 460 nm [ Fig. 4 ]. The shape of the resonance peak can be qualitatively related to the nature of NP. Small and uniform-sized NP with a narrow size distribution gives a sharp absorbance, whereas NP with a wide size distribution or any kind of aggregation shows a broad absorbance [42] [43] [44] [45] [46] [47] [48] [49] .
SEM and TEM studies SEM study was carried out to find out the surface morphology of synthesized Cr 2 O 3 . SEM 
CONCLUSION
Chromium oxide nanoparticles with hexagonal structure are synthesized successfully by aqueous precipitation method using ammonia as precipitating agent. From TEM study, it is found that particles are with average size of 20 -70 nm. XRD studies show that chromium oxide was formed as Cr 2 O 3 instead of the commonly formed CrO 2 . The chemical reduction approach addressed in the present work on the synthesis of Cr 2 O 3 nanoparticles are simple, cost effective, eco-friendly. The resultant nanoparticles are highly stable and reproducible that exhibit the greatest feasibility to further applications in the process of stropping knives, glasses, inks, paints and precursor to the magnetic pigment.
